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PRINT GUIDE MECHANISM 

t 

Related Applications 

This is a Continuation- In-Part of U.S. Patent 
5 Application Serial No. 08/289,048, filed August 11, 
1994, entitled PRINT GUIDE MECHANISM of Bradley S. 
Jadrich, Mark E. Bridges and Mark A. Harland. 
Field of the Invention 

The present invention relates to a linear 

10 translation carriage used in a printing apparatus for 
providing smooth and accurate positioning of a printing 
head. In particular, the present invention is directed 
to a linear translation carriage used in a light 
emitting diode (LED) digital printing apparatus. 

15 BACKGROUND OF THE INVENTION 

Copending application U.S. Serial No. 
08/123,839 of Douglas A. Smith, John F. Carson, Roy B. 
Ference and Karen J. Appel, entitled METHOD AND 
APPARATUS FOR EXPOSING PHOTOSENSITIVE MEDIA WITH 

20 MULTIPLE LIGHT SOURCES, filed September 20, 1993, 
discloses a method and apparatus for exposing 
photosensitive media with multiple light sources, and 
which is hereby incorporated by reference. In this 
patent application, an LED print head is disposed on 

25 the outer surface of a spinning rotor which exposes 
light onto a photosensitive material, such as 
photographic paper. In such a mechanism there are very 
stringent performance requirements on the positioning 
and/or velocity accuracy of the translator mechanism. 

30 High accuracy of motion is required to prevent well- 
known banding artifacts which can be easily perceived 
by human vision. These artifacts typically can be 
caused by a variety of positional error sources within 
the digital printing apparatus. In linear translator- 

35 type mechanisms, there are two major components which 
control the overall accuracy of motion. The first is 
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the driver assembly, which in the case of the copending 
application is a high-helix, rolled-threaded lead screw 
driven by a rotary stepper motor. The second major 
component is the guidance assembly by which the 

5 carriage travels linearly along a predetermined path. 
Typically, the carriage is attached to a pair of 
parallel shafts by roller elements which allow the 
carriage to travel along the linear path. 

The present invention provides a very 

10 accurate and smooth carriage motion for linear 

translation of the carriage which is relatively low in 
cost to construct and assemble and minimizes the 
artifact problems which can arise from such devices. 
SUMMARY OF THE INVENTION 

15 In one aspect of the present invention there 

is provided a print guide mechanism having parallel 
first and second support guide rods, and a carriage 
assembly designed to move along the guide rods, the 
carriage assembly comprising: 

20 a frame; 

at least one pair of associated roller 
bearing assemblies being secured to the frame and being 
arranged so as to engage the first guide support rod 
for providing linear movement of the carriage assembly 

25 along the first guide rod; 

at least one upper roller bearing assembly 
mounted to the frame for engagement with the second 
guide rod; and 

a first mounting assembly having at least one 

30 lower roller bearing assembly, the at least one upper 
and lower roller bearing assemblies being arranged st> 
as to engage the second guide rod therebetween, the 
first mounting assembly being pivotally mounted to the 
frame and being biased so as to compensate for parallel 

35 misalignment between the guide rods and for applying a 
loading force so that positive engagement is provided 
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between the guide rods and the roller bearing 
assemblies. 

In accordance with another aspect of the 
present invention, there is provided a print guide 
mechanism having parallel first and second support 
guide rods, and a carriage assembly designed to move 
along the guide rods, the carriage assembly comprising: 

a frame; 

a plurality of roller bearing assemblies 
secured to the frame so that the carriage assembly can 
travel along the guide rods, at least one of the roller 
bearing assemblies having an outer engaging surface 
made of a plastic material having a modulus of 
elasticity less than the modulus of the guide rod which 
it engages. 

In yet another aspect of the present 
invention there is provided a print guide mechanism 
having parallel first and second support guide rods, 
and a carriage assembly designed to move along the 
guide rods, the carriage assembly comprising: 

a frame; 

at least one pair of associated, guide rod 
engaging elements being secured to the frame and being 
arranged so as to engage the first guide support rod 
for providing linear movement of the carriage assembly 
along the first guide rod; 

at least one upper guide rod engaging element 
mounted to the frame for engagement with the second 
guide rod; and 

a first mounting assembly having at least one 
lower guide rod engaging element, the at least one * 
upper and lower guide rod engaging element being 
arranged so as to engage the second guide rod 
therebetween, the first mounting assembly being 
pivotally mounted to the frame and being biased so as 
to compensate for parallel misalignment between the 
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guide rods and for applying a loading force so that 
positive engagement* is provided between the guide rods 
and the guide rod engaging elements . 

DESCRIPTION OF THE DRAWINGS 
5 Figure 1 is an exploded isometric view of a 

carriage assembly made in accordance with the present 
invention; 

Figure 2 is an end view of the assembled 
carriage apparatus of Figure 1 illustrating how the 
10 carriage assembly is constrained against a pair of 
guide rods; 

Figure 3 is a perspective view of the 
carriage assembly of Figure 1 as taken from a different 
direction; 

15 Figure 4 is an enlarged partial perspective 

view of Figure 3 partially broken away so as to 
illustrate how the lower mounting assembly is mounted 
to the frame ; 

Figure 5 is an exploded cross-sectional view 

20 of a single bearing assembly used in the apparatus of 
Figure 1; 

Figure 6a illustrates the measured carriage 
positional error as taken from an carriage assembly 
having roller bearings made of stainless steel which 
25 roll against stainless steel guide rods; 

Figure 6b illustrates the measured carriage 
positional error for a composite plastic sleeve roller 
bearings as applied against stainless steel guide rods; 

Figure 7 is an exploded isometric view of a 
30 modified carriage assembly made in accordance with the 
present invention; 

Figure 8 is an exploded isometric view of a 
modified carriage assembly made in accordance with the 
present invention; 
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Figure 9 is an end view of the carriage 
apparatus of Figure »8 illustrating how the carriage 
apparatus is constrained against a pair of guide rods; 

Figure 10 is an enlarged view of one of the 
5 pad assemblies which is used to mount the carriage 
assembly to the guide rods; 

Figure 11 is a side elevational view taken 
along line 11-11 of Figure 10; 

Figure 12 is a view similar to Figure 10 

10 illustrating one of the degrees of freedom which the 
guide pad assembly can move; and 

Figures 13-15 illustrate various other 
degrees of freedom which the guide pad assembly is 
allowed to move. 

15 DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Referring to Figures 1-4, there is 
illustrated a print guide mechanism 10 made in 
accordance with the present invention. The print guide 
mechanism 10 is specifically useful in a LED print 

20 apparatus designed to expose photosensitive material 

(such as photographic paper) as is described in greater 
detail in copending application U.S. Serial No. 
08/123,839 of Douglas H. Smith, John F. Carson, Roy B. 
Ference and Karen J. Appel, entitled METHOD AND 

25 APPARATUS FOR EXPOSING PHOTOSENSITIVE MEDIA WITH 
MULTIPLE LIGHT SOURCES , previously referred to. 
However, it is to be understood that the guide 
mechanism can be used in various other printers where a 
photosensitive material is to be exposed by a print 

30 head which traverses the photosensitive material. For 
example, but not by way of limitation, a laser write- 
head may be used to expose a photosensitive material 
such as photographic film, photographic paper, thermal 
media or an electrostatic surface. The mechanism 10 

35 includes a carriage assembly 12 and a pair of parallel 
guide rods 14,16 upon which the carriage assembly 12 is 
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mounted for linear movement along a path parallel to 
the axes of the guide rods 14,16. The carriage 
assembly 12 includes a frame 17 and is mounted to guide 
rods 14,16 in such a way that motion of the carriage 
5 assembly 12 is allowed in only a single degree of 
freedom, which is in the direction parallel to the 
guide rods 14,16. Translation of the carriage assembly 
12 along the guide rods 14,16 may be accomplished by 
any desired mechanism. In the particular embodiment 

10 illustrated, there is provided a lead screw 18 and 
stepper motor 20 which are mounted to the print 
apparatus (not shown) in which the print guide 
mechanism 10 is to be used. The lead screw 18 engages " 
the carriage assembly 12 in such a manner that rotation 

15 of the lead screw 18 will cause the carriage assembly 
12 to move along the guide rods 14,16. In the 
embodiment illustrated, a rotating print head 19 is 
provided for printing of a photosensitive material and, 
in particular, photographic paper or film which is 

20 later processed in well-known conventional processors . 
However, the carriage assembly 12 may carry any desired 
type print mechanism which is used to traverse the 
photosensitive media. The lead screw 18 may be mounted 
to the apparatus in any known conventional manner. 

25 Preferably, the lead screw is mounted to the carriage 
assembly 12 such that substantially constant linear 
speed and/or accurate positioning is imparted to the 
carriage assembly 12 . A suitable example of how the 
lead screw may be engaged to the drive mechanism is 

30 described in U.S. Patent 5,392,662, issued February 28, 
1995, which is hereby incorporated by reference. It- 
is, of course, understood that any other desired 
coupling mechanism may be provided that is capable of 
transferring the rotation movement of the lead screw to 

35 translation movement of the carriage assembly 12 along 
the guide rods 14,16. 
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The carriage assembly 12 is mounted to guide 
rod 12 by a plurality of roller bearing assemblies 
22,24,26,28. The roller bearings 22,24,26,28 are 
positioned such that roller bearings 22,24 are located 
5 at a first location and are spaced apart on the 
carriage such that guide rod 14 is captured 
therebetween. Likewise, roller bearing assemblies 
26,28 are secured to the carriage at a second location 
spaced from the first location and are positioned on 
10 the frame 17 so as to also capture the guide rod 14 
therebetween. The roller bearing assemblies 
22,24,26,28 engage the guide rod 14 so as to provide 
linear movement of the carriage 12 assembly along the " 
guide rod 14. 

15 The carriage assembly 12 is also mounted to 

guide rod 16 by mounting assemblies 30,32. Mounting 
assembly 30 includes a mounting member 34 which is 
secured to frame 17 such that the mounting member 34 
may pivot about an axis substantially perpendicular to 

20 the guide rod 14 as illustrated by arrow 35. In the 
particular embodiment illustrated, the mounting member 
34 is secured by a mounting pin 36 having a head 37, a 
shank portion 38 adjacent head 37 and threaded end 39. 
The shank portion 38 and threaded end 39 pass through 

25 an opening 40 provided in mounting member 34. The 
shank portion 38 is sized so as to allow mounting 
member 34 to pivot about mounting pin 36 and threaded 
end 39 is sized so as to engage a thread opening (not 
shown) in frame 17 for securing mounting assembly 30 to 

30 frame 17 . The mounting member 34 is further provided 
with a pair of spaced upper roller bearing assemblies 
44,46 for contacting of guide rod 16 and for supporting 
frame 17 thereon. 

The mounting assembly 32 is secured to frame 

35 17 and includes a support frame 48 having a mounting 
member 50 and a U-shaped member 51 having a base 
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section 52 and a pair of upstanding projections 53 . 
The mounting assembly 32 is mounted to frame 17 such 
that there is provided pivotal movement about an axis 
substantially parallel to the direction of travel of 

5 the carriage assembly 12 as indicated by arrow 75. For 
this purpose there is provided a mounting pin 55 having 
a shank portion 57 which passes through a pair of 
aligned openings 61 in projections 53. The pin 55 also 
has an opening 59 through which a mounting pin 63 

10 passes and secures support frame 48 to the frame 17. 
The mounting pin 63 may be secured to frame 17 in any 
desired manner. 

The U-shaped member 51 is pivo tally mounted 
to mounting member 50 so as to allow movement of the 

15 member 50 in a direction substantially perpendicular to 
the direction of travel of the carriage assembly 12. 
The member 51 is secured to mounting member 50 by a 
mounting pin 58 having a head 60, a shank section 62 
and a threaded end 64. The shank section 62 is 

20 designed to pass through an opening 66 in mounting 

member 50 such that the threaded end 64 will engage a 
threaded opening 67 in member 51 (see Figure 4) . A 
flexure member 68 is secured to frame 17 by mounting 
pin 69 which extends through an opening 71 in member 68 

25 and engages a threaded opening (not shown) in frame 17 . 
Flexure member 68 is designed to engage a bearing 
surface 70 associated with each of the projections 52. 
Flexure member 68 acts like a spring so as to apply a 
biasing force against bearing surfaces 70 such that the 

30 support frame 48 may pivot in the direction indicated 
by arrow 54. A pair of lower roller bearing assemblies 
72,74 are secured at the lateral ends of the support 
member 50. The mounting assemblies 30,32 are 
positioned such that the guide rod 16 is captured 

35 between the roller bearing assemblies 44,46,72,74 and 
allows the carriage assembly 12 to move along the guide 
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rod 16. As can be seen, the mounting assemblies 30,32 
are allowed to pivob in directions as indicated by 
arrows 35,75, respectively, so as to engage against 
guide rod 16 in such a manner so as to compensate for 
5 parallel misalignment of the guide rods 14,16. Since 
the flexure member 68 is secured to frame 17, flexure 
member 68 applies a loading force to associated roller 
bearing assemblies 72,74 so as to apply a force against 
guide rod 16 which in turn provides positive engagement 

10 of the remaining roller bearing assemblies against 
their respective guide rod. 

The roller bearing assemblies 
22,24,26,28,44,46,72,74 are each mounted to their 
respective members. Referring to Figure 5, there is 

15 illustrated in detail the construction of a roller 

bearing assembly 22 made in accordance with the present 
invention and which is representative of the 
construction of the remaining roller bearing assemblies 
24,26,28,44,46,72,74. In particular, roller bearing 22 

20 includes an inner radial bearing 80 which is secured to 
an outer sleeve 82. In the preferred embodiment, the 
outer sleeve 82 is made of a composite plastic material 
and has an outer engaging surface 83. The material of 
the sleeve 82 preferably has a modulus of elasticity 

25 substantially less than the modulus of elasticity of 
the guide rod on which it is in contact. The plastic 
material of sleeve 82 was selected for its relatively 
high elastic modulus for a plastic material, which is 
preferably at least 0.7 x 10 6 psi. However, a variety 

30 of other composites or filled thermoplastics which have 
a similar high elastic modulus would be suitable for* 
the present invention. A high elastic modulus is 
desired for the sleeve in order to minimize the amount 
of deflection and/or creep to the plastic sleeve when 

35 loaded in compression against its respective guide rod. 
In the preferred embodiment illustrated, the guide rods 
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14,16 are each made of stainless steel having a modulus 
of elasticity of approximately 28.0 x 10^ psi, whereas 
the outer sleeve of each of the roller bearing 
assemblies would be made out of a composite plastic 
5 material. In the particular embodiment illustrated, 
the sleeve is made of 6/6 nylon with 20% carbon fibers 
having a modulus of elasticity of about 2.4 x 10^ psi. 
The plastic material should not be made of a material 
which has a modulus of elasticity too close to the rods 

10 which they contact. Preferably, the modulus of 

elasticity of the plastic material is not greater than 
about 10% of the guide rod which it contacts. Thus, in 
the embodiment illustrated, the modulus of elasticity 
of the sleeve 82 is not greater than about 2.8 x 10^ 

15 psi. 

It is to be understood that the roller 
bearing assemblies may be mounted to the frame 17 or 
mounting assemblies 30,32 in any desired manner. In 
the preferred embodiment illustrated, a threaded 
20 shoulder screw 90 is used for mounting of the roller 
bearing assemblies to their respective mounting 
members . 

An important aspect of the present invention 
is that the plastic sleeve 82 of the roller bearing 

25 assembly, which is in rolling contact with the guide 
rod, provides a level of damping and smoothness to the 
carriage. Roller bearing assemblies having stainless 
steel outer sleeves were initially evaluated for use 
with the carriage assembly. It was discovered that 

30 when stainless steel roller bearing assemblies were 
utilized with stainless steel guide rods, the 
performance with regard to the linear positioning 
accuracy of the carriage assembly was substantially 
inferior to the linear positioning accuracy of the 

35 carriage assembly when roller bearing assemblies having 
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plastic sleeves were provided and used against 
stainless steel guide rods. 

Referring to Figures 6a and 6b, there is 
illustrated a comparison of translation performance 
between a carriage assembly having stainless steel 
roller bearing assemblies and a carriage assembly 
having plastic bearing assemblies when each carriage 
assembly was used with stainless steel guide rods. In 
particular, Figure 6a illustrates the use of stainless 
steel bearing assemblies against stainless steel guide 
rods and Figure 6b illustrates use of plastic bearing 
assemblies against stainless steel rods. The plots 
illustrated in Figures 6a and 6b were generated by 
computing the fourier transform of carriage positional 
error as measured with a laser interferometer. The 
stainless steel rods and stainless steel bearing 
assemblies had a modulus of elasticity of about 28 x 
10 6 psi. The plastic bearing assemblies had an outer 
sleeve made of a 17% Kevlar filled 6/6 nylon plastic 
(purchased from A. L. Hyde Co. under the tradename 
"Hydlar Z M ) , the filled nylon plastic had a modulus of 
elasticity of about 0.9 x 10 6 psi. As illustrated by 
the vertical lines in Figure 6a, there was a 
substantial amount of position variation as conpared to 
the use of plastic roller bearing assemblies as applied 
against the guide rods. In the stainless steel roller 
bearings, there was substantial amounts of undesirable 
spectral energy between 0.5-4.0 cycle/mm which is not 
present when the composite plastic sleeves roller 
bearing assemblies were used as shown in Figure 6b. 
This illustrates a smoothness or attenuation in which 
the plastic sleeve roller bearing assemblies adds to 
the translation performance of the carriage. It should 
be noted that the surface finish (i.e. the roughness) 
of the contacting surface of the plastic sleeve should 
be kept to a minimum in order to achieve optimal 
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performance. Preferably the surface roughness of both 
the plastic and stainless steel roller bearings is less 
than about 32 micro inches. Also, the radial runout of 
the roller gearing assemblies should also be held to a 
5 minimum in order to obtain optimal performance. 

Preferably the radial runout is less than about 0.0005 
inches. 

In order to keep or minimize the point 
contact stresses between the roller bearing assemblies 

10 and the guide rods, the shape and configuration of the 
surface 83 should be appropriately matched with respect 
to the guide rod with which it engages. This matching 
is illustrated by reference to Figure 5. The radius Ri 
of the surface 83 should be equal to or slightly larger 

15 than the radius R2 of the outer surface of the guide 
rods. While Rl and R2 could be identical, it is 
preferable that Rl be slightly larger in order to 
compensate for product tolerance variations. 
Preferably, Rl is in the range of about 101 to 110% of 

20 R2. In the embodiment illustrated, Rl is about 103% of 
R2. Since the outer sleeve of the bearings has a lower 
modulus of elasticity as compared to the steel rods, 
the plastic sleeves 82 will compress more than the 
stainless steel, distributing the load over a larger 

25 concave area, and thus reducing the contact stress 

between the guide rod and the plastic sleeve. In using 
the configuration set forth in the present invention, 
there was no visual indication of wear on the guide 
rods or plastic sleeve surfaces after one million 

30 inches of carriage travel. This was in stark contrast 
to the substantial wear on the guide rods and bearing 
surfaces, as indicated by visual inspection, when 
stainless steel roller bearing assemblies were used 
with stainless steel guide rods after only 200,000 

35 inches of travel. 
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Ref erring to Figure 7, there is illustrated a 
modified guide mechanism 110 made in accordance with 
the present invention. The mechanism 110 is similar to 
guide mechanism 10, like numerals indicating like 
parts. In mechanism 110 there is provided only a 
single roller bearing assembly associated with each of 
the mounting assemblies 30,32. The mounting assembly 
32 still provides the means for allowing condensation 
of parallel misalignment between the guide rods 14,16 
and for applying a biasing force against guide rod 16 
which provides for positive engagement of all the 
roller bearing assemblies. However, this embodiment 
has the disadvantage with respect to the previous 
embodiment in that increased contact force are applied 
to each of the roller bearing assemblies 120,122. This 
becomes important when the weight of the carriage 
becomes significant. The use of more than one roller 
bearing assembly with each of the mounting assemblies 
30,32, as illustrated in the embodiment of Figures 1-4, 
allows use of greater weight carriages. Allowing 
pivoting of mounting asseinblies 30,32, in the 
directions indicated by arrows 35,75 minimizes or 
avoids any problem associated with using spaced roller 
bearing assemblies. 

Referring to Figures 8 and 9, there is 
illustrated a modified print guide mechanism 200 made 
in accordance with the present invention. The guide 
mechanism 200 is similar to guide mechanism 10, like 
numerals indicating like parts and operation. The 
guide mechanism 200 includes a carriage assembly 212 
which is mounted to guide rod 14 by a plurality of - 
guide pad assemblies 222,224,226,228. Guide pad 
assemblies 222,224,226,228 are positioned such that the 
guide pad assemblies 222,224iare located at a first 
location on the carriage assembly 212 such that the 
guide rod 14 is captured therebetween. Likewise, guide 
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pad assemblies 226,228 are secured to the carriage at a 
second location spaaed from the first location and are 
positioned on carriage assembly 12 so as to also 
capture the guide rod 14 therebetween. The guide pad 
5 assemblies 222,224,226,228 engage guide rod 14 so as to 
provide linear movement of the carriage assembly 12 
along the guide rod 14. 

The carriage assembly 212 is also mounted to 
guide rod 16 by mounting assemblies 30,32 much the same 
10 way carriage 12 of Figure 1. Except in this embodiment 
in place of roller bearing assemblies 44,46, there is 
provided a pair of guide pad assemblies 244,246 for 
contacting and supporting the carriage assembly 212. 
While the roller assemblies 22,24,26,28 provide 
15 accurate smooth performance in which standard print 

format, it has been found that when large format prints 
are required, the distance L between the support 
elements (as shown in Figure 9) can result in banding 
artifacts in the exposure. An additional problem with 
20 rollers is that if dust, paper, or other particulate 
matter settles on the guide rods, artifacts can 
possibly occur when the guide rod rollers travel over 
the particle which can be amplified due to large 
distances L. The guide pad assemblies utilized in this 
25 embodiment minimize or eliminate this problem in 

devices which have large format prints which require 
large distances L. An additional advantage of the 
guide pad assemblies is that they allow greater degrees 
of freedom in the movement between the carriage and 
30 guide rods. 

Referring to Figures 10 and 11, there is - 
illustrated an enlarged view of a single guide pad 
assembly 222 illustrating how the carriage is mounted 
to the guide rod 12. It is to be understood that the 
35 other guide pad assemblies 222,224,226,228 are 

constructed in a similar manner as guide pad assembly 
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222. Thus, only a detailed description of a single 
guide pad assembly 222 will be discussed. The guide 
pad assembly 222 includes a flexure member 230 which is 
secured to a contact pad 232. The flexure member 230 
5 is made of a material capable of supporting the load 
being transmitted to the carriage assembly from the 
guide rods but is of sufficient flexibility to allow 
desired flexure. In the particular embodiment, flexure 
member 230 has a first mounting section 234 having a 

10 pair of openings 236 which allow the flexure member 230 
to be secured to carriage assembly 212 by a pair of 
screws 238 which engage threaded openings 241 in 
carriage assembly 212. Flexure member 230 also 
includes a second mounting section 239 which is used to 

15 secure pad 232 to mounting section 239. In the 

embodiment illustrated, mounting section 239 includes a 
pair of openings 240 which allow a pair of mounting 
screws 242 to secure the flexure member 230 to contact 
pad 232. However, it is to be understood that the 

20 flexure member 230 may be secured to the carriage 212 

or guide pad 232 in any desired manner. The flexure of 
member 23 0 has a central flexure section 243 which is 
capable of deformation. In the particular embodiment 
illustrated, the flexure section 243 comprises a pair 

25 of support members 244,246, which form a generally 
inverted V-shape configuration between mounting 
sections 234,239. The flexure member 230 is made of 
cold rolled steel which has been heat-treated to obtain 
good spring properties. 

30 The contact pad 232 has a contact surface 

250, as is best seen in Figure 13, which is designed- to 
contact and slide upon the guide rod. The pad 232 is 
preferably made of a thermoplastic material which has 
internal lubricants which provides low friction and low 

35 slip properties. A suitable material from which pads 
may be made is an Acetal plastic with 18% Teflon and 2% 
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silicon. A suitable material may be purchased from LNP 
Engineering Plastics, Inc., (Product No. KL-4540B) . 
The guide pads may be injection molded, preferably 
around the mounting section 239 of flexure member 230, 
5 thereby allowing an integral guide pad flexure assembly 
avoiding the necessity to add additional faster means. 

The contact surface 250 has a radius RP which 
is preferably slightly greater than the radius R2 of 
the guide rod. The contact radius surface 250 reduces 

10 the point contact stresses of the guide pad 232. 

Applicants have found that a guide pad 
assembly made in accordance with the present invention 
can travel over 2 million inches having a decentering 
of the rotor spin axis of approximately .0009 inches 

15 {.022 mm) which is acceptable. In the environment 

tested, the guide pads had a radius RP of approximately 
.413 inches (10.49 mm), whereas the guide rod had a 
radius of R2 of approximately .375 inches (9.25mm). 
Referring to Figures 12-15, there is 

20 illustrated various degrees of freedom in which the 
guide pad assembly allows. These degrees of freedom 
allow the guide pad assemblies to self-align with the 
guide rod to which they are in contact which minimizes 
wear over time. In particular, Figure 12 illustrates 

25 the compensation of non-parallelism between the guide 
rod and the carriage assembly as represented by 9X. 
Referring to Figure 13, there is illustrated for 
compensation for non-parallelism between the guide rod 
and the carriage assembly in the GZ direction. 

30 Referring to Figure 14, there is illustrated 

compensation with respect to angular deviation between 
the guide rod and carriage assembly as represented by 
rotation about the Y axis 9Y. As can be seen, the 
guide pad assemblies are originally in the Y and Z 

35 direction yet allow movement in all of the other 

directions for appropriate compensation, thus providing 
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an assembly which minimizes wear, which/ in turn, would 
affect any artifacts* with regard to focus positioning 
of the optical system and is insensitive to translator 
assembly build-up, which will provide a more 
5 predictable and robust design in addition to requiring 
less critical part tolerances. 

It is to be understood that various other 
changes and modifications may be made, for example, but 
not by way of limitation, the pads may be made out of 

10 any appropriate material. Other suitable materials 
such as thermo-plastic materials may be used with a 
carbon filler and Teflon internal lubricants. The 
enhancement material stiffness resulting from the 
carbon filler would most likely reduce the amount of 

15 wear over time. 

Applicants have provided an assembly which 
provides smooth and accurate position of a carriage 
while also providing long service life. 

It is to be understood that various other 

20 changes and modifications may be made without departing 
from the scope of the present invention, the present 
invention being limited by the following claims. 



-18- 

Parts List: 

10... print guide mechanism 
12 ... carriage assembly 
14,16... guide rods 
5 15 , 50 • . . support member 
17 . . . frame 
18. . .lead screw 
20 . . . stepper motor 

22,24,26,28,44,46,72,74,120,122. . .roller bearing assemblies 
10 30, 32 .mounting assemblies 

34. . .mounting member 

35, 54,75. . .arrow 

36, 55, 58, 63 .. .mounting pin 

37 . . .head 
15 3 8,57... shank portion 

39 . . .end 

40, 59,66,71. . .opening 
4 8... support frame 
50. . .mounting member 
20 51. . .U-shaped member 
52... base section 
53. . .upstanding projections 
60 . . .head 

61. . .aligned openings 
25 62 . . . shank section 

64 . . . threaded end 

67 . . . opening 

68. . . flexure member 

70. . .bearing surface 
30 80... radial bearing 

82, 87 . . . sleeve 

83... outer engaging surface 

90. . .threaded shoulder screw 

110. . .modified guide mechanism 
35 200. . .print guide mechanism 

212. . .carriage assembly 
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222,224,226,228. . .guide pad assemblies 
230,242. . .flexure member 
232 . . .guide pad 
234,239. . .mounting section 
5 236,240. . .openings 
238,242. . .screws 
241. . .threaded opening 
243 ... flexure section 
244,246. . .support members 
10 250 .. .contact surface 
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CIAIMS 

1. A print guide mechanism having parallel 
first and second support guide rods, and a carriage 
5 assembly designed to move along said guide rods, said 
carriage assembly comprising: 

a frame; 

at least one pair of associated guide pad 
assemblies being secured to said frame and being 
10 arranged so as to engage said first guide support rod 
for providing linear movement of said carriage assembly 
along said first guide rod; 

at least one upper guide pad assembly mounted 
to said frame for engagement with said second guide 
15 rod; and 

a first mounting assembly having at least one 
lower bearing assembly, said at least one upper guide 
pad assembly and said lower roller bearing assemblies 
being arranged so as to engage said second guide rod 

20 therebetween, said first mounting assembly being 

pivotally mounted to said frame and being biased so as 
to compensate for parallel misalignment between said 
guide rods and for applying a loading force so that 
positive engagement is provided between said guide rods 

25 and said roller bearing assemblies. 



2 . A print guide mechanism according to 
claim 1 wherein at least one of said guide pad 
assemblies comprises a flexible flexure member and a 

30 contact pad for engaging a guide rod. 

3 . A print guide mechanism according to 
claim 2 wherein said flexure member is made out of a 
flexible spring steel material. 
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4 . A print guide mechanism according to 
claim 1 wherein said guide pad is made out of a 
thermoplastic material and an internal lubricant 
material therein. 

5. A print guide mechanism according to 
claim 4 wherein said pad is made of Acetal with 18% 
Teflon and 2% silicone. 

6. A print guide mechanism according to 
claim 2 wherein the contact surface of said guide pad 
has a radius greater than the radius of guide rod which 
it contacts. 

7. A print guide mechanism having parallel 
first and second support guide rods, and a carriage 
assembly designed to move along said guide rods, said 
carriage assembly comprising: 

a frame; 

a plurality of a guide pad assembly secured 
to the frame so that said carriage assembly can travel 
along said guide rods, at least one of said guide pad 
assemblies having a flexible flexure member and a guide 
pad. 

8 . A print guide mechanism according to 
claim 7 wherein said plurality of guide pad assemblies 
comprising; 

a first pair of associated guide pad 
assemblies; 

a second pair of associated guide pad 
assemblies axially spaced from said first pair of guide 
pad assemblies, said first and second pair of guide pad 
assemblies being secured to said frame and being 
arranged so as to engage said first guide support rod 
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for providing linear movement of said carriage assembly 
along said first guide rod; 

at least one upper guide pad assembly mounted 
to said frame for engagement with said second guide 
5 rod; and 

a first mounting assembly having at least one 
guide pad assembly, said at least one guide pad 
assembly being arranged so as to engage said second 
guide rod, said first mounting assembly being pivotally 
10 mounted to said frame and being biased so as to 

compensate for parallel misalignment between said guide 
rods and for applying a loading force so that positive 
engagement is provided between said guide rods and said 
roller bearing assemblies. 

15 

9. A print guide mechanism having parallel 
first and second support guide rods, and a carriage 
assembly designed to move along said guide rods, said 
carriage assembly comprising: 

20 a frame; 

a plurality of guide pad assemblies secured 
to said frame so that said carriage assembly can travel 
along said guide rods, at least one of said guide pad 
assemblies having a guide pad having an outer engaging 

25 surface, said guide pad being made of a plastic 

material having a modulus of elasticity less than the 
modulus of the guide rod which it engages. 

10. A print guide mechanism according to 
30 claim 9 wherein said guide rods are each made of a 

material having a modulus of about 28.0 x 10^ lb/in 2 - 
and said outer surface of said guide pad being made of 
material having a modulus of elasticity less than about 
2.8 x 10 6 psi. 
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11. A print guide mechanism according to 
claim 9 wherein the ,outer engaging surface of said 
guide pad is made of a material having a modulus of 
elasticity no greater than about 10% of the modulus of 
elasticity of the material from which the guide rods 
are made. 

12 . A print guide mechanism according to 
claim 9 wherein at least one of said guide pad 
assemblies includes a pad made of a plastic material 
having a modulus of elasticity greater than or equal to 
0.7 X 106 psi. 

13 . A print guide mechanism according to 
claim 9 wherein said contact surface of said pad having 
a radius which is greater than the cross-sectional 
radius of the guide rod which it engages. 

14 . A printer having a movable carriage 
assembly for moving a print head for writing on a 
photosensitive material, said printer comprising: 

parallel first and second support guide rods; 

a carriage assembly designed to move along 
said guide rods, said carriage assembly having a frame, 
at least one pair of associated guide pad assemblies 
being secured to said frame and being arranged so as to 
engage said first guide support rod for providing 
linear movement of said carriage assembly along said 
first guide rod, at least one upper guide pad assembly 
mounted to said frame for engagement with said second 
guide rod, and a first mounting assembly having at - 
least one lower bearing assembly, said at least one 
guide rod assembly being arranged so as to engage said 
second guide rod, said first mounting assembly being 
pivotal ly mounted to said frame and being biased so as 
to compensate for parallel misalignment between said 
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guide rods and for applying a loading force so that 
positive engagement t is provided between said guide rods 
and said roller bearing assemblies. 

5 15 . A printer according to claim 14 wherein 

said print head comprises at least one light emitting 
diode . 

16. A printer according to claim 14 wherein 
10 said photosensitive material comprises photographic 

paper . 

17 . A printer according to claim 14 wherein * 
at least one of said roller bearing assemblies include 

15 an outer sleeve made of a plastic material having a 

modulus of elasticity greater or equal to 0.7 X 10 6 psi. 
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